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TRANSPORT SIMULATIONS OF THE
OSCILLATING FIELD CURRENT’ DRIVE EXPERIMENT

IN THE ZT-40M REVERSED FIELD PINCH

R. A. Smrdovelli,* R. A. Nel.ml, K. A. Werley, and
G. 11. Miley*

Los Alamos Natiomd Laboratory
Los hIllOS, NAf 87S45

I. INTRODUCTION

Oscillating Field Current Drive (OFC’D ) as originally proposed by Bevir and

Grayl is based on tl~e premise that in order to sustain a relaxing Reversed Field

Pinch (RFP ) plamna, one neech only to supply magnetic helicity at the salne rate it

is consumed. The helicity balance ●quat ion reads asl ‘2**

dI{
— = 24$1’,
dt I

-2 E oBdtJ,
1$

(1)

wher ● the tem on the left-hand de represents tlw rate of change of helicit y insid~

the vacuum vessel, the intrgral is the rate of dissipation of he]icity iv the plasma

and the remaining term is th~ rate at which helicity is injmt.rd or ●;ected from the

boundary, Since the mrface term in Eq. (1) contains the product of the toroidal flux

~ with the toroidal voltage IL, helicit y Cm ●ffectively be “injected” into the plasma

if # and l; ●re sinusoidally oicillalcd in phase with on? nnot Iwr, cven (Ivmgh Ih?

thne.averaged ●lectric fields are zero.

The purpose of thin work is t.o try to better understand t hc poosil.k mcchnnisms

underlying these relaxations wit h% the mnt ext of diffmnt kinds of rmisl iw h!11D

instabilities, Ill previouu work,4’e we haw 13hfnYII thnt w = 1 htllcnl pcrturllnt ions

are required if rmistiw MHD is tlw UIeChRIIiAIIIfor tl)c l)lnsn~n currmt R~lstninn]rnt
—- —

* Fucicm Studies Lal)oratory, Uniwrsit$ of IIlil)ois, [Irlmnn, IL CINJI



during OFCD. Furthermore, we have identified a class of m = 1 tearing modes that

generate significant amounts of poloiclal flux (a necessary condition for current driv~)o

In this paper, we will search for evidence of the presence of t hese instability ies in OFCD

discharges from ZT-40M.

II. MODEL

As mentioned in thr previous section, a class of m = 1 teming modes that satisfy

the necessary criteria o{ increasing the poloidal flux and of inducing a dc ●mf on axis

has been identified. The linear and nonlinear behavior of these instabilities was

discussed in detail in a paper by Caramana, Ncbel and Schnack.e These modes are

driven unstable by an off-tis peak in the Jll /,B profile and nonlinearly result in an

increase in the poloidal flux (and a decrease in q on axis). Single-heliciiy nonli?lear

simulations have shown that the final globally reconnected stat e is well described

by the Kadomtsev reconnection model. 0’7 Since the Kadomtsev interaction region7

seldom ●xtends to the reversal surface, t.hcse modes should not significantly aflcct

the RFP ‘dynamon.

However, the RFP dynamics also include snot hcr type of instability that

decreases the poloidal flux. ‘f’hese instability ies have been shown by many

authorse’D-14 to cause the so callml “dynamo ●ffect” in the R FP, which maintninb t hc

toroidal flux inside of the toroiclal field revmsal surface. The nonlinww cvolut ion of

thew two kinds of instabilities (i.e. the dynamo mode and the current drive mode) is

schematically represented in Fig, 1. In bot l! cams, the n? = 1 current -clrivcn t~aring

modes tmd to flatten the Jll /13 profile, thus bringing the plasma closer to a Taylor

relaxed State.s 5

A simple scenario for a cing!e cycle of t Iw OFCD owillat ions can k construct A

in termo of the ●volution of the q profi!e, by considering th? d nbi]ity of t h? R FP

configuration to the two ●bove-rnent ioned kinds of m = I current-driven tearing

Iuodec. A schematic picture of $Iic entir? cycle is giv~n in Fig. 2,

111, TRANSPORT SIMULATIONS OF THE OFCD DISC11ARGE!3

We have simulated tlw MHD dynamics of thr UFCD cxpcrimrninl dischargesle

ucing the combination of a 1-D !ramport n)mkl. Since all th~ oscillntiong nre similnr,



only one cycle of the OFCD oscillations in a given discharge has been analyzed.

The purpose of the 1-D transport simulations is to detmnine if ! lie m = 1

modes required for OFCD are present in the experimental data. First, the initial

profiles for the magnetic field, temperature and density are specified consistently with

the experimental measu~ments of density, temperature and the global parameters

F(F ~ J9z(a)/ < B. >) and (9(6 s Be(a)/ < B. >). These profiles are then evolved

in time with a 1-D cylindrical transport code 1’ in which the plasma configuration

evolves through a series of equilibrium atsd.es. The applied boundary conditions are

the experimentally measured toroidal magnetic field and elcctrir field at the wall.

The resultant waveforms of the toroidal flux and plasma current. are then compared

with the experinmntal values. Since both the RFP dynamo instability ies and the

current drive instabilities are not dcscribalde by a 1-D, t we-fluid transport n]odrl,

disagreement bet ween the simulation results and the experimental data strongly

suggests that one of these types of instability ics is present. How the numerical

simulation and the experiment disagree M WC1las the MHD st alJilit y oft he calculated

J11/J3 profile will indicate which type of n)od~ is the most likely.

?f the toroidal magnetic flux in t hr simulation is less than the flux measured

●xpwimental]y, then it is likely that the “dynamo” is p~esent in the experiment.

If the toroidal current in the simula! lon is less than the experiment aily measured

t.oroidal current and the simulation indicat ●s t hc presence of an ofT.axis peak in t hc

J1l/B profile that is unstaldc to m = 1 tesring modm which rccounect to the axis,

then we interpret this result as indicating ths pr~seucc of current driw modes. As

will be shown below, this case does not occur in the simulations,

B?cause ●xperimental resist ivity profile i]lformat ion does not exist, we t renf

this profile as a free parameter. By performing t rrmsport simulnt ions wit 1) difimwt

resistivit y profiles, we try to make sure tlmt dikcnces betwe~n the results of the

simulations and the expmimental data arc dw to t hc plasmn dynamics not modeld ill

t.lw transport code (i.e. dynan~o and current drive modes) rather fhnn {0 rtsistivity

profiles. For this rrason, we have cm]siderml differm)t rmist ivit y profiles, t IIRI we

haw written in the form: ?/(r, f ) = q(O, t) ‘ tj(r). TII~ vnlur of ti)e rmistiv; ty cm nxis

1’ (7’@(0) is hsml ONTllwl~stJli scnttdng,?/(0, t) is consistent with Spit zrr’s forniuln



Zeff = 2).

Transport results are presented only for a hi@ current, two-circuit, osrillnt ion

discharge. We have simulated a number of different discharges under various

conditions with similar results. The cycle under examination is divided in two

phases: one in which the toroidal flux # increases and the other in which @decreases.

The profiles are initialized at the beginning of each phase to match the experimental

data. The toroidal voltage and the magnetic toroidal field at th~ wall B,(a), usccl as

boundary conditions for the transport simulation, are shown in pints (a) and (b) of

Figs. 3 and 4. The average toroidal mttgnetic field c f3z > and the p]wma current

1: are presented in parts (c) and (d) as given by the experiment (solid line) and from

our simulations (dots ). As expected, we are not, able to repx educe the waveform of

the average toroidal field < l?. > during the increasing flux phase, no matter hOVV

we change the resistivity profile. Thus, the RFP dynamo is apparently active during

this phase.

During the decreasing flux phase, the compression of the plasma induces an off-

tis current peak. However, even in our closest simulation (shown in Figs. 4 c,d ), the

toroidal flux lags the experimental value, suggmling that the dynmmo may be present

in this phase as well. Other simulations with difierent resist i}’ity profi12s showed ttn

●ven largm discrepancy between the sim ~lat ed and experimental toroiclal fluxes.

The major problem present in ●wry discltargr we Imve e.xamiucd, is that the

“dynamo” appears to be active during the ●nt ire cycle. This seems ~o suggest tile

need of an increase in the swing of the toroidal flux or its frequency, In this wny, the

plasma compression will extend for most of the decrcnsing flux phase and h current

p~aks determined by the applied E, and J% ot the wall (roughly coincident with El

ant! Ell ) will add up. In the same phase, a higher value of 1% W Sitstnili Je from {h?

boundary, thus slowing down the inward mot ion of thp reversal point, I’icc versa,

during the increasing flux phase, a n]or~ negntive vnlue of Ee will drive currents in

the poloidal clircction that will help lilnilttnil] revmml agnill~t the ldmsnln expanoion,

IN summary, a higlwr value or tb pdoi(ld volt ng~ should WH1OW t he skii] ctirren{

from the plasma ●dge ttnd IIhould eliminale the R FP “dynnlnn” dilril]g the toroidal

flux decrra~ing pham. I’lte itnporlnl~re of the rhdinl pnrnlld currenl I)roflle nnd of



the ratio Ve/Vz, has been deduced from the analysis of the 1-D transport simulations

of the ●xperimental data and cannot he predict cJ hl t hc O-D gl~hal he]iri[ y balance

of ILq. (1).

IV. SUMIMARY AND CONCLUSIONS

A scer,ario for a cycle of the OFCD oscillations hw been developed in terms of the

evolution of the q profile. The compression and expansion of the plasma, determined

by the modulation of the applied tmoidal and poloidal voltages, have been ass~ciat.ed

to two different classes of m = 1 current-driven tearing modes. One type of instability

is driven unstable by off-axis current peaks and nonlinearly generates poloidal dux,

which is a necessary condition for current drive; the ot!wr type of inst ebili ty is

driven unstable by on-axis current peaks and sustains the turoidal magnetic field

configuration against resistive diffusion.

We have provided an interpretation of (he experimental data. A Major issue is

that the simulations indicate that the RFP “dynamo” may be continuously present

luring the ●nlire cycle of tl:e OFCD oscillations. An increase of the ratio l~/V: from

its low value in the present, ●xperiments should remove the skin currmts localized in

the outer ●dge of the plasma and ●liminate the “dynamo effect” fion] the decreasing

flux (current-drive) phase.
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Fig. 1. Schematic evolutlon of unstable peaks In the
J,,/B profile: a) inward flattening ofan off-
axis peek (current penetrationmode), b) out=
ward flattening of an on-axis peak (dynamo
mode).
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Fig. 3. Shot number 22073. High current, two-circuit oscillations. IiI-
creasing flux phase. Boundary conditions: a) toroidal voltage,
b) toroidal magnetic field at the wall, c) aterage toroidal mag-
netic field, and d) plasma current.

40

Fig. 4. Shot number 22073. High Current, two-circuit oscillations. De-
creasing flux phase. Boundary conditions: a) toroidal voltage,
b) toroidal magnetic field at the wall, c) average toroidal mag-
netic fields and d) nlll~ma~ti----~


